Respiration, as judged by gas exchange and pulmonary function, is improved in preterm infants kept in the prone rather than the supine position. The influence of position on the breathing pattern as documented by the pneumogram was studied in 14 stable preterm infants with recent clinical apnoea. Ten of the infants had oximetry and nasal flow studies simultaneously with the impedance pneumogram. Each infant had consecutive nocturnal pneumograms, one in the prone, one in the supine position. The infants were kept for more than six hours in the assigned position.
Clinical experience suggests that preterm infants breathe better when kept prone. Several investigators have shown that gas exchange as evidenced by arterial tension of oxygen and carbon dioxide (Pao2, and Paco2), is better in the prone than in the supine position, [1] [2] [3] (SD) 1381 (474) g, range 840-2290 g) who had recent clinical apnoea but were otherwise healthy were enrolled in the study, after informed consent was obtained from the parents. Nine infants had previous respiratory distress syndrome requiring up to eight days of intubation. Infants with bronchopulmonary dysplasia were excluded from the study. The infants did not require respiratory support or oxygen, and were all enterally fed (bolus feedings either by nipple or by intermittent gavage) at the time of the study. Eight infants received maintenance methylxanthine therapy and had stable therapeutic blood concentrations.
The breathing pattern was studied by the cardiorespirogram (pneumogram). Each infant had consecutive nocturnal 12 hour impedance pneumograms: one while in the prone and one in the supine position. The order was assigned at random, by sealed envelopes. When assigned to the prone position, infants were kept in the assigned position all night, except during feeding. When assigned to the supine position, infants were kept supine except for one hour after feeding, when they were placed prone to facilitate burping and prevent aspiration. The infants spent the majority of the study period in the assigned position. No attempt was made to keep the head in midline position. In general, the head was turned to the side 75-90°when prone and about 450 when supine. The infant's neck and shoulders were supported to avoid neck flexion.
Pneumograms were analysed using a Pediatric Diagnostic Service computer program, as developed by Kelly et al.6 Apnoea episodes were defined as cessation of breathing for ¢s6 seconds.
Apnoea density (AD6) was defined as the percentage of apnoea time while the infant was quite (AD6= 100x seconds of apnoea/seconds of quiet state). The infant was considered to be quiet when heart rate and respiratory pattern were stable, without artefacts. Bradycardia was defined as a decrease in heart rate below 100 beats/minute for ¢5 seconds. Periodic breathing was defined as three episodes of apnoea 3 seconds interrupted by respiration lasting -20 seconds.
Central apnoea was defined as a cessation of both breathing movements and nasal airflow. Obstructive apnoea was defined as a cessation of nasal flow while breathing movements continued with a fall in oxygen saturation lasting ¢5 seconds. Mixed apnoea spells were defined as obstructive breaths combined with irregular breathing movements. The latter were usually of longer duration along with a significant drop in oxygen saturation. Desaturation was defined as a drop in oxygen saturation to <87-5%, lasting 3 10 seconds.
Effect ofpositioning on the breathing pattern ofpreterm infants Obstructive and mixed apnoea was examined in 10 of the 14 infants by recordings of nasal flow and oximetry, obtained simultaneously with the impedance pneumogram. Nasal air flow was measured by end tidal carbon dioxide (Engstrom Eliza carbon dioxide analyzer, Astro Med); oximetry was measured by a Nellcor pulse oximeter. These parameters, as well as heart rate, breathing movements, and heart rate off the oximeter, were recorded on a multichannel recorder. Obstructive or mixed apnoea periods of ¢6 seconds' duration and oxygen desaturation episodes were counted manually by one of the investigators (JL), who was blinded regarding the position during the recordings. Episodes of generalised body movements as evidenced by abrupt changes and irregularities in heart rate, or drops in heart rate on the oximeter not concurring with bradycardia, were excluded from the analysis.
Results were shown as mean (SE). To compare the prone with the supine position the Student's t test for paired samples was used and differences were considered significant when p<0 05.
Results
Fourteen infants were studied at mean (SD) 34.4 (1) (2) (3) (4) (5) (6) (7) (8) (9) weeks (range 32-36 weeks) postconceptional age. The infants age at the time of study ranged between 1 and 8-5 weeks (weight 10 Diaphragmatic fatigue, which has been observed in relation to clinical apnoea,"I 12 may thus be more pronounced in the supine position.
The postprandial comparison of the two positions could be further evidence of the role of diaphragmatic fatigue. Feeding preterm infants has been shown to decrease lung volume,'3 and to increase diaphragmatic work.'4 When the infants were studied in the supine position they were prone for one hour postprandially. However, comparing the postprandial hour between the two positions reveals more apnoea in the infants who were supine before feeding. This suggests that the supine position compromises diaphragmatic function so that a further work load, as seen with feedings, is not well tolerated. This would then lead to an increase in apnoea.
The finding that the increase in apnoea in the supine position presented primarily as the central type was surprising. A study comparing the supine with the sitting position in infants demonstrated an increase in airway resistance when supine, especially when the neck was flexed. 5 we did not find a positional difference in episodes of oxygen desaturation in the 10 infants studied. This does, however, concur with the lack of positional difference in prolonged apnoea and bradycardia spells in our patients.
In conclusion, we have demonstrated an increase in central apnoea in preterm infants with clinical apnoea cared for predominantly in the supine position compared with the prone position. As there was no positional difference in prolonged apnoea or bradycardia spells, the clinical implication of our results is uncertain, although the increase in periodic breathing in the supine position deserves attention. The main significance of this study resides in the finding of disadvantage of the supine versus the prone position, which is in agreement with the observations during gas exchange and pulmonary function tests.'" We speculate that decreased lung volume and increased diaphragmatic work when supine are important in the genesis of the positional difference in apnoea density. There is a need for further studies correlating positional pneumograms with pulmonary function and diaphragmatic mechanics. Finally, when evaluating pneumograms, the position of the infant during the major part of the study must be known.
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